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The present case report describes the combination of orthodontic treatment and two-stage surgery used to treat a 16-year-
old female with a severe maxillary occlusal cant and a mandibular deviation. The patient was diagnosed with right 
temporomandibular joint ankylosis six months after suffering a facial injury at five years of age. A unilateral condylectomy was 
performed 12 months later. A hybrid functional appliance was used between nine and 16 years of age to prevent deterioration 
of the maxillary occlusal cant. At 16 years and six months, it was determined that the patient required a combination of surgical 
and orthodontic treatment, the pre-surgical orthodontic phase of which was completed at 19 years. The surgery was performed 
in two stages, which involved a Le-Fort 1 procedure to intrude the maxilla in the left molar region and to extrude in the right molar 
region. Distraction osteogenesis was performed to achieve a lengthening of the right mandibular ramus. The second operation 
was a unilateral sagittal split ramus osteotomy to achieve a forward and upward rotation of the left hemimandible. As a result, 
the patient’s facial asymmetry and occlusion significantly improved. The improvements were well maintained and the patient 
remained stable after one year of retention. 
(Aust Orthod J 2018; 34: 117-125)
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Introduction
A condylectomy to repair a unilaterally ankylosed 
temporomandibular joint (TMJ) during the growth 
period often results in a maxillary occlusal cant and 
accompanying mandibular deviation. The maxillary 
occlusal cant may worsen due to asymmetrical jaw 
growth.1,2 Combined surgical and orthodontic 
treatment is often required to manage asymmetric 
cases. Advancement through a bilateral sagittal split 
osteotomy (BSSO) is generally performed to improve 
mandibular deviation. However, there is a risk of 
neurosensory sequelae to the inferior alveolar nerve3,4 
and the BSSO is reportedly associated with a lack 
of stability if the mandibular procedure requires a 
significant advancement.5 
In 1992, the first clinical report of mandibular 
distraction osteogenesis (DO) was published by 
McCarthy et al.6 The incidence of neurosensory 
disturbance is reported to be lower in DO compared 
with mandibular BSSO.7 Recently, DO has been 
performed to improve significant mandibular 
deviation in conditions such as hemifacial microsomia, 
juvenile chronic arthritis, and TMJ ankylosis.2,8,9 
However, ideal occlusion cannot be achieved with 
DO alone because of difficulty in positioning the jaws 
in a spatially appropriate relationship. Subsequent 
orthognathic surgery may therefore be necessary to 
achieve satisfactory jaw position. DO and a BSSO 
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have been shown to achieve a similar level of skeletal 
stability in cases that involve less than 7 mm of 
advancement.7 The results of skeletal stability, in 
cases that involve more than 10 mm of mandibular 
advancement, remain unclear.
The present case report describes a combination of 
surgical and orthodontic treatment of a 16-year-old 
female with a severe maxillary occlusal cant and a 
mandibular deviation caused by asymmetrical growth 
after a condylectomy to manage TMJ ankylosis. 
The case demonstrates that orthodontic treatment 
with accompanying DO and orthognathic surgery 
improved the patient’s facial asymmetry, which was 
maintained during the retention period.
Diagnosis and aetiology
The patient, a female aged nine years and six months, 
presented to the Osaka University Dental Hospital 
with the chief complaint of mandibular deviation. 
The patient suffered a facial injury at five years of age. 
Six months after the injury, she was unable to open her 
mouth and was diagnosed with right TMJ ankylosis. 
Six months later, a right side unilateral condylectomy 
was performed and at nine years and nine months, 
she was provided with a hybrid functional appliance 
to prevent further deterioration of a maxillary occlusal 
cant. At 16 years and four months, the functional 
appliance was discontinued.
Shortly thereafter, intraoral and extra-oral examina-
tions were performed in preparation for a second 
phase of orthodontic treatment. The patient devel-
oped extreme facial deviation in addition to a convex 
profile and a retruded chin (Figures 1 and 2). She also 
developed an open bite and mild crowding in both 
arches (Figure 3). A posteroanterior cephalometric 
radiograph revealed that the mandible had deviated 
15 mm to the right of the facial midline. In addition, 
there was a significant occlusal cant (Figure 4). A lat-
eral cephalometric analysis indicated a skeletal Class II 
base relationship with an SNA of 76º, an SNB of 65º, 
producing an ANB of 11º (Table I). A high mandibu-
lar plane angle was noted with an SN-MP of 45º. The 
upper incisors were palatally inclined and the lower 
incisors were labially inclined. Computed tomogra-
phy (CT) showed that the right condyle had separated 
between the condylar head and neck (Figure 6). It was 
determined that the patient required a combination of 
surgical and orthodontic treatment.
Figure 1. Facial photographs. A: pretreatment; B: pre-surgery; C: post-treatment; D: post-retention, two years and six months after surgery.
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Figure 3. Oral photographs. A: pretreatment; B: pre-surgery; C: post-treatment, one year after surgery; 
D: post-retention, two years and six months after surgery.
Treatment objectives 
The treatment objectives were: (1) to correct the 
maxillary occlusal cant and mandibular deviation; (2) 
to correct the skeletal Class II base relationship; (3) 
to co-ordinate the upper and lower dental arches; and 
(4) to achieve a Class I molar relationship and an ideal 
incisor relationship.
Treatment alternatives 
It was considered that the treatment plan would 
require the alignment and co-ordination of the upper 
and lower dental arches coupled with the surgical 
correction of the maxillary occlusal cant, mandibular 
deviation, and skeletal Class II base relationship. 
(1) The first treatment option was to consider 
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two-stage surgery, the first stage of which aimed to 
intrude the maxilla in the left molar region and extrude 
in the right molar region by a Le Fort 1 osteotomy 
and to secondarily advance the right mandibular 
ramus with unilateral DO. A later second procedure 
was to rotate the mandible forward and upward with 
unilateral sagittal split osteotomy (USSO). (2) An 
alternative surgical consideration was to perform a 
Le Fort 1 maxillary osteotomy and a BSSO of the 
mandible.
The first treatment option was accepted because 
the BSSO was likely to involve a high level of risk 











Figure 4. Lateral and Posteroanterior cephalograms. A: pretreatment; 
B: post first surgery; C: post-treatment, one year after surgery; D: post-
retention, two years and six months after surgery.
Figure 5. Panoramic radiographs. A: pre-surgery; B: post first surgery 
(LF1 and DO surgery), just before the second surgery (left USSO); C: 
post second surgery, reactivation of the right distraction device was 
completed; D: post-treatment, one year after surgery.
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Treatment progress
At 17 years and one month, a transpalatal arch and 
a bihelix appliance were placed in the upper and 
lower arches to co-ordinate the dental arch widths. 
At 17 years and seven months, pre-adjusted edgewise 
appliances (0.022 × 0.028 inch slot) were placed in 
both arches and initial levelling was started using 
0.014 inch nickel titanium wires. During the levelling 
and aligning phase, expansion of the lower arch was 
promoted by the bihelix appliance. At 19 years and 
seven months, pre-surgical orthodontic treatment was 
completed (Figure 3) and the surgical intrusive and 
extrusive correction of the maxilla was attempted by 
a Le Fort I osteotomy followed by the lengthening of 
the right mandibular ramus by unilateral DO. The 
distraction was started on postoperative day seven 
employing an elongation rate of 1.0 mm per day. The 
distraction was stopped after the ramus was elongated 
23 mm (Figures 5 and 6). Three weeks after the 
completion of the DO, the left mandibular ramus was 
rotated forward and upward by a USSO. Miniscrews 
were placed in the mandibular buccal shelves during 
the USSO to prevent tooth extrusion by intermaxillary 
elastics that were to be used during the post-surgical 
orthodontic phase. Three months after surgery the 
distractor was removed, and after 12 months of 
post-surgical orthodontic treatment the patient was 
debonded and removable wrap-around retainers and 
fixed lingual bonded retainers were provided.
Treatment results
The patient’s facial deviation and retruded chin 
significantly improved (Figures 1 and 2). The maxillary 
occlusal cant also greatly improved. The upper and 
lower dental midlines were centered with the facial 
midline. Ideal overjet and overbite were obtained. A 
cephalometric analysis showed that the patient had 
a skeletal Class I base relationship after orthognathic 




Figure 6. CT images. A: pretreatment; B: pre-surgery; C: post-retention, two years and six 
months after surgery.
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plane angle reduced by 13º to 104º, suggesting 
lingual retraction of the lower labial segment by pre-
surgical orthodontic treatment and expansion of the 
lower arch. Superimposed tracings of pre- and post-
treatment lateral cephalometric radiographs indicated 
remarkable improvements in the facial profile and 
the anteroposterior position of the mandible (Figure 
7). Furthermore, 3D volumetric superimposition 
indicated that the deviation of the mandible markedly 
improved (Figure 8). 
At two years after the DO, skeletal stability was 
maintained. After one year of retention, the occlusion 
remained stable with a normal overjet and overbite 
(Figure 3). The improvements obtained in facial 
appearance and the dental arches during active 
treatment were preserved during the retention 
period, which satisfied the patient.
Discussion
Facial trauma is considered to be a major cause 
of TMJ ankylosis.10,11 TMJ mobilisation and/or 
condylectomy are often performed for patients 
with limited mandibular movement following TMJ 
ankylosis. However, condylectomy causes scarring in 
paediatric cases and growth on the affected side may 
be altered, and may lead to a mandibular deficiency 
asymmetry.12 Since the presented patient showed 
limited mouth opening due to the TMJ ankylosis 
after the facial injury, there was no alternative but to 
perform early condylectomy. Subsequently, a hybrid 
functional appliance was used to manage the unilateral 
deficiency in growth. It has been reported that 
patients affected by TMJ ankylosis who are treated 
with an activator show more favourable treatment 
results related to facial asymmetry and occlusal cant.13 
Although the present patient wore this appliance for 
Variable
Pretreatment  
(16 years 6 months)
Post-treatment                 
(20 years 6 months)
Post-retention                          
(21 years 7 months)
SNA (degree) 76.0 75.0 75.5 
SNB (degree) 65.0 70.0 70.0 
ANB (degree) 11.0 5.0 5.5 
SN-MP (degree) 45.0 45.0 44.0 
Facial height ratio (%) 54.0 54.0 54.0 
U1-SN (degree) 94.0 92.0 91.0 
IMPA (degree) 117.0 102.0 104.0 
Interincisal angle (degree) 104.0 119.0 118.0 
Upper lip to E-line (mm) 5.5    3.0 3.0 
Lower lip to E-line (mm) 7.5    4.5 4.0 
Pog to nasion perpendicular (mm) -41.0 -28.0 -28.0 
Table I.  Comparison of cephalometric measurements from pretreatment through retention.
Figure 7. A superimposed tracing of lateral cephalograms of the 
pretreatment: black line; post second surgery: blue line; and  
post-treatment, two years and six months after surgery: red line. 
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seven years, the occlusal cant remained at the end of 
the first functional phase of treatment. Therefore, 
orthognathic surgery was considered to improve her 
occlusal cant and mandibular asymmetry during a 
second phase of therapy.
Specific surgical procedures, including BSSO, USSO, 
and DO, have been reported to improve severe facial 
asymmetry.14-16 A BSSO is limited in the degree of 
mandibular advancement that is possible if skeletal 
stability is to be maintained after surgery17 and USSO 
involves the risk of rotating the condyle on the non-
surgical side.18,19 In addition, a BSSO is reported 
to be associated with a higher risk of neurosensory 
disturbance than DO.7 Therefore, DO seems to have 
advantages over the two alternative procedures,20 but 
achieving an optimal improvement of the occlusion 
with DO alone is complicated because of the difficulty 
in placing the mandible in a spatially appropriate 
position. Consequently, two-stage surgery was chosen, 
which included a Le Fort 1 maxillary osteotomy and 
a lengthening of the mandibular ramus with DO 
followed by a USSO. The major advantage of the 
two-stage surgery was the establishment of a desirable 
occlusion immediately after surgery.
After lengthening of the mandibular ramus in an 
inferior direction by DO, a lateral open bite on the 
elongated side is often a result.21,22 However, in the 
present case, a lateral open bite was observed on the 
opposite side because the mandibular body was chiefly 
increased in an anterior direction. Intermaxillary 
elastics or a functional appliance may be used to 
correct an open bite as a result of DO.9,21 Time is also 
required to correct an open bite and tooth extrusion 
was expected to occur in the meantime, which could 
have reduced occlusal stability. Therefore, miniscrews 
were placed to prevent the expected tooth extrusion 
by the use of intermaxillary elastics after the USSO-
induced mandibular rotation. 
Treatment timing is an important consideration in 
young patients with jaw deviation and DO is often 
performed to improve facial asymmetry during 
growth in patients with hemifacial microsomia.23,24 
However, DO is associated with disadvantages that 
include occlusal change with continuing mandibular 
growth, possible relapse after the procedure, and 
the possible requirement of additional orthognathic 
surgery.25 In addition, there is no evidence of long-
term stability of DO performed at an early time 
period.26 It was therefore decided to perform DO after 
the completion of mandibular growth to reduce the 
number of surgical procedures with the expectation of 
achieving optimal occlusal stability.
A B
Figure 8. A superimposition of 3D CT images of the pretreatment: white; and post-treatment: blue. A: frontal view; B: inferior view.
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A large amount of mandibular advancement and 
a high mandibular plane angle are considered to be 
risk factors related to DO instability.27,28 Recent 
studies have indicated that there is no statistical 
difference between DO and BSSO in post-surgical 
skeletal stability in cases involving less than 7 mm of 
mandibular advancement.7,29 However, large BSSO 
mandibular advancements have a higher likelihood of 
relapse.30 In the present case, despite the large amount 
of mandibular advancement and the high mandibular 
plane angle, relapse was not evident two years after 
DO. With regard to long-term stability, the results 
after DO procedures that involve more than 10 mm 
of mandibular advancement are unclear and require 
long-term review. 
Conclusions
Orthodontic treatment incorporating distraction 
osteogenesis and orthognathic surgery improved a 
case presenting with a severe maxillary occlusal cant 
and mandibular deviation that had been caused by 
asymmetrical growth following condylectomy for TMJ 
ankylosis. Although more than 15 mm of unilateral 
mandibular lengthening was achieved, skeletal and 
occlusal stability was maintained after one year of 
retention, and two years after DO. It is considered 
that the combined surgical approach using DO and 
USSO is effective in cases of severe facial asymmetry.
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